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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
growing nitride semiconductor having few crystal defects 
which is to be a substrate, and an element of new 
structure comprising a nitride semiconductor substrate. 

SOLUTION: On a hetero-substrate 1, a first nitride 
semiconductor layer 2 is grown, on which a protective 
film 3 is formed, and a part of the first nitride 
semiconductor layer 2 is removed to form ruggedness, 
and in order that the growth of nitride semiconductor at 
an end surface of the first nitride semiconductor layer 
2 a side surface of recessed part exposed to a recessed 
part bottom surface be preferred, length of the end 
surface of exposed first nitride semiconductor layer 2 
and width of the opening part of the recessed part are 
adjusted to form the ruggedness. On the first nitride 
semiconductor layer 2 where the rough is formed, a 
second nitride semiconductor layer 4 is grown to provide 
a nitride semiconductor which is to be the substrate 1. 
An element structure is formed with the nitride 
semiconductor 4 as a substrate. 
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L< fc£A 1 G a N«r£tr«»^Ji£-r5 

- £ l. < , m#¥m±»<omm& 1 o o *- 

hn-j^^-h, 2A/m^T, £ £>K#* L< J* 5 0 0 * 

y 7SCiifeI^MT^ So 
[0 0 6 1] (n{B3fc^-Y KB 4 4) jftl^T, Si^l 
X 1 0"/crf K^UcniGaNiSftSnl*^ 
^KJf4 4£rO. l/imCC>Kl?T^fi^^^o r^nfiO 

GaN, InGaN^I^t^rt^K, 
100ty^hn-A~5/im, *fe^»*L<l*2 

£<Dn«##>f K«4 4ttffl#»*S i , G 

10 ef^nSTWft* K— ^LT n McO®mM^f S^ 

fctt* l cd«2M«B 2 (Dm<D'P& < t fc— n S^FM 

[0 0 6 2] (jSfii4 5) Jfcfc:, S i^lXlO"/ 
crfK-^I n„Ga„N<t9 45#FI, 25t 
^^ha— SiSrlxlOVarfK-ywi 
n 0 .osG a 0 . 9S NJ; t»*S(^^@, 5 0ty/Xhn- 

<^^llft^#F«at (MQW) ^ffitt^4 5§r^S^^ 
0 So 
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[0 0 6 3] &K1 X 
y ^zn^/U^-^ p ffliyt#4 Kg 4 7 Jl 9 < . fa 

0?£f4g4 5 X 9 MgSrl X 1 OVWK 

— ^Lfcp^A 1 o. 3 G a,. T Nj; 9 pffl!)*-^ y^M 
4 6 £3 0 0*ls4fx hv-M><DWimT~&e;£lt&o ^ 
^)p«t5'7 P i4 6(j:pia^ J^ff^^U^c 

OfliffttO. l*zm£AT\ ^l^l<|j:5 0 0ty 
^hn-AJKT, fttjf*L<tt3 0 0ty^ho 
"AJ^Ti-PS-TSo 0. 1 /imJ;9J¥^»ffTfi8fiS 
■frSfc, p^^rir y^i4 6*^9s'^J&SA9 J ? , -r< 

T*£>£ 0 A 1 OM^it^^v^A 1 G a Ng#<Mt 

5iLD*^iJ8fit^t<48o MZ.fi. Yfil^o. 

2i£*±<DA 1 T G a,- T N"t?fciXff 5 0 O^V^^ hn- 

[0 0 6 4] (pfi03fe^-r KB 4 7) jJcJd, ✓O' K=¥-T 
y^ai^/U^^SpflJ^^ 5,^4 6 j; 9/h£V\ Mg 
£rl x 1 OVW K-/Lfc P aGaNJ;!!)45p« 
WKi4 7^rO. 1 //mc^JKJPT-j£S£-££ 0 

!44^f^D<GaN, InGa N-efigfi£it5 ^ ££5 
^■lip«^7S'Ki4 8S:«fiS 

S5>WiL< Ii2 O OtV/^ 

liMg^pi^fti hWLTpSoili^n 
*f^#E»S:K-^L*<rfcav\ fc*3, -<£> p 
Kg£ig&^g<^5^&T-#5 0 jfifft^JI 

[0 0 6 5] (pfiB^^sy KJB4 8) JJcfc, Mg£rl X 
1 0"/ctf K-r/LfcpSlA l c ,Ga 0 ,Nj;^^ 
Ml <7)M, 20ty^hD-Ah Mg^lXlO 20 
/cnfK-7 0 UcpSGaNj;»9/ c e5l20l N 20t 

nKDmfc+mxvftzpm??* Kg 4 s^m^-r^o 

:©ilin«|^7!5' Kg 4 3 i:Ht< 4r + y THDa* 
«^9sx Kg 4 8©BWt>WlJi|RKL«v^ loot 
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[0 0 6 6] »^**©#FJB*#+SSttJi4 5 

g4 5idg£LT, St£g4 5,);!)^ K¥ + v?^* 

**** 9*5*^ ^/14 6 8:RH 
4 6 «t9 tgtt«^fe«t^fcffiH^ ^ty/i4 6J: 
10 9 fc^y K*ir y^*/^— as/hS^pfflOWf-f Kg 
4 7&Rt:J\ -€:Op{H3t^-f Kg 4 7 J: 9 hft&Wifah 
gfix/ce©^, pffiOfe#>( Kg 4 7 J; ^ t>/<^ K=¥-^ <y 
TWctvvA 1 **&a[ft»*SfflcSr$tfjB*^JI J; 9 
*5pflS^7s> Kg 4 8SrRMrttt*»i:ffJL 
i-\> U^t p y^l4 6 ©^y K^t y^x^ 

*t^i4 6T*PSJt£*b£*:#>, S^dSffittgSr^— 

20 [0 0 6 7] (p^y-^ M49) Mg£r 
2X1 OVcrfK-^LfcpiG a NJ;^45p«3 
1/ #9 hg4 9£l 5 OX-lsfX hn-A^Ift^fi 

T\ ^ L< Ii4 0 0 ty/X hn-A^T, 2 

[0 0 6 8] R/S&TSL R/SS»F*J(;i*3^T, 

^£r^t#ffl^^\ 7 0 ot:t*r^ y y^v^ p 
aw«r*&^ffi«a:{t;-t"«o r=-y^a, e^-^ 

30 tia?)f±i0pSny^^M4 9^, p£W9s> 
Kg 4 8 t Sr^y^-^^LT, 4 // m<£>;* h >^SSr 

ttsy^^Mtu y7^*»D4Bi:Ni/Au 

«t!?45ptS5lS:»«t5 0 tfcfc:. 8 9 1:^5 
(-pli5 l^< pi)^7^ K14 8, =»v*^ hg 
4 9©*cB^S i 0 2 «fc9*5|fi»IR5 0*»^U - 

[0 0 6 9] p {IOmf£^J&®L S$ 2 CD&fMfc¥3M«i 4 

T i /A 1 

40 «£ 9 & <5 n iMi 53^:0. 5 // mcDJBIff "CflgjSfc U *fl!> 

[0 0 70]^g, n«fii{ffl5 3 ^L, 
* 2 <Z>ttffc»aNWWB 4 C7)M® (1 1-00. @5 (^^ 

SHU &Mm&j¥M't&o *«BB©P5**>5V^«:^f^, 

?>^-^-^ s i t i o 2 j: 9 &z>Bm&&mm$:M 
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f U p^V 2^r7-rir— ztfvxV y/it, 

iatn — -ysgfiSrK**:^^ stat^^r. sue 

^»ESA2. OkA/cra\ ^{g®BE4. 0 VT\ 

0 5 nm<Z>&tt*«jWftB$*u 1 0 00«« 

[0 0 7 1 ] [SHft« 7]^io fcfc*3BW^fifce*ifcfc: 
^LED*^co«jfi*«^-«5S;»fEBBI"e*>9. gtt§3 
H«<Z>flK£Sr*P*-5o ^(Z)LED*^-tt||jSfi0IJl -C#fe 
f t5 n«|^ 5 Kl 5 1 SrrtSSt 5 D Hjffiftl 
&»3HH"fTofc 0 lllli«7•cfflv^5lB20»fc:**^l^ 

( nflj^ 5 y KB 5 1 ) Si^lXlO Vein 5 K— 7° 
LfcnSA l 0 ..Ga 0 .,NJ;i?>t5»lcOJB, 2 0ty 

T^K— 37" (undope) ©GaNj;!?4 

[0 0 7 2] g|Jp 2 0 frls?* h n — AcD^i— S 

iP#F«jg<Z> I n M Ga 0 ,Nj: 9 45fSttB3 2, flU 
*0. 3^m^Mg^lX10 M F^Al,,Ga,, 

5:1X1 o 20 K — 7"G a NJ;!)45p«3y^^ f.jg 3 

s^V^«rfifV^7s> Kg 5 1 (D$®^I{ii^tnl 

83fctt<Z>p«S3 5 fc, ^p®i350±ir % 

^y^^°5/Kli36^MU @ioi^tJ;5 

*^s»f>nii3 7 1 P m®3 5 hzmftfemm: 

t~rz> 0 M I- 1 7 r ^ r iffi^f ^50^ mSSS 

0 /zm^(£>^i^£-t-5o * 
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* [0 0 7 31 #e>HfcLED*T-ttHlj6«5 0LED* 
[0 0 7 4] 

10 »BEj»J:#U ^«M*oa#*»l:«*W**^FS:# 
Sr £&T*$Z> 0 
[HBSOffi*«RR] 

[01] *^Wco^fe<o#xst^^o^T#^ttS^t:^ 

[0 3] ^^O^^C0#XS(-*3^T#^tbS^ft;fe 

[04] *«IBo^j£cD#xal^:*3V^T»e>i^'5ffi^t;«? 
S 0 

[0 6] t£Sffil<£>;* h7^^fpjS:KW-t*5fca?)0«4E 

[07] &mw<D^mz£zmm%m\<^m{k%¥mt£ 

[0 8] 0 7 ©iT-lr p iI»f)£^¥®@T$>§ 0 

[09] *mw<D^m\^£&mm%m^tz.mkm^mfo 
l d m^-(D —mm sr*-r «a» ® 0 s 0 

30 [0io] *38W^i£j;iJ;5a«S:fflv^cffifbi»^3|[ 

[«Ft©KH] 

1 ■ • • * 

2 ■ • • • jb 1 <z>£ft;fe¥Wfr 

3 • • - • ftSR 

4 • . • -m2 0>mkva¥mft 
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